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Abstract—Nowadays, most double fed induction generators
(DFIGs)-based wind turbines are equipped with a rotor crowbar
connected in parallel with the rotor side converter (RSC). The par-
allel rotor side crowbar (PRSC) is used to protect the RSC and
dc-link capacitor by dissipating the rotor energy during grid fault
condition. In this paper, two types of crowbar protections are used,
one in the rotor winding and the second in the dc link. During the
fault condition, the rotor winding crowbar connects in series with
the rotor winding and RSC to decrease the RSC current and dissi-
pate the rotor energy. The general PRSC does not have the ability
to significantly decrease the over-current. To protect the semicon-
ductor switches of RSC, DFIG should not be kept connected with
the utility grids under severe faults. The dc-link capacitor crowbar
(DCCC) operates only if the dc capacitor voltage exceeds a thresh-
old level. Both the series rotor side crowbar (SRSC) and the DCCC
operate in coordination with each other to protect RSC and dc
link during fault condition, and improve the fault ride through of
the DFIG. Using the proposed SRSC, RSC continues its operation
to control the DFIG during fault condition. Thereby, the reactive
power can be injected to support the voltage at the point of com-
mon coupling. The behavior of the DFIG is investigated when the
combined crowbars are operating with the proposed coordinated
control approach and results are presented.
Index Terms—Crowbar protection, dc link, DFIG, low voltage
ride-through (LVRT), parallel rotor crowbars, series rotor crow-
bar, vector control.
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I. INTRODUCTION
A S THE number of wind turbines connected to the grid iscontinuously increasing, wind power will play a signifi-
cant role in grid power in the future; this will require more wind
turbines to stay in grid connected during a grid fault. The low
voltage ride-through (LVRT) or fault ride-through (FRT) is a
term used to describe the capability of wind energy conversion
systems to contribute to the grid voltage control during grid
faults which is critical for insuring power system stability. This
is also an essential requirement of wind park grid code [1].
The variable speed wind turbines which are controlled
through power electronic converters are widely used in the new
wind farm installations. Thus, these types of wind turbines are
able to regulate their own reactive power, so as to operate at
unity power factor [2]–[6]. Nowadays, the most widely used
generator type is the double fed induction generator (DFIG);
the block diagram of a DFIG-based wind turbine is shown in
Fig. 1. In this type, the stator windings are directly connected
to the grid and the rotor windings are fed through bidirectional
pulse-width modulation (PWM) voltage source converters. In
other words, the machine is controlled via converters connected
between the rotor and the power grid. The converters are de-
signed to transfer a part (about 30%) of the full power of the
machine [1], [4], [5]. The size of these converters determines
the speed range of the DFIG. The rotor side converter (RSC)
controls the wind turbine active and reactive powers from sta-
tor to grid. The grid side converter (GSC) controls the dc-link
voltage and allows the converter to generate or absorb reactive
power [6]. The stator and rotor of DFIG are able to supply the
power. However, the direction of active power flow through the
rotor circuit depends on the wind speed and hence the generator
speed [7]. The main disadvantage of the DFIG is its sensitivity
to power grid disturbance as the DFIG is directly connected to
the grid through the stator winding [8].
To improve the fault handling capacity and protect the DFIG
converter from high rotor current during grid faults, a crowbar is
usually adopted in order to limit the high currents and voltages
in the rotor circuit, where the back-to-back power converter
is used. The behavior of DFIG was investigated in [9], when
an active crowbar is used to provide low-voltage ride through
capability by short-circuiting the rotor temporarily. It was found
that DFIG allows the reactive support to the power grid even
0093-9994 © 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.
